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(57) ABSTRACT

The 1nvention relates to an 1maging system for imaging an
object (4), said 1maging system comprising a detection unit
(3) for consecutively acquiring projection data sets (P, ) of the
object (4), said detection unit (3) having a temporal response
function that 1s characterized by at least a time constant (), a
rotation unit that, while the projection data sets (P,) are being
acquired, moves the detection unit (3) around the object (4)
with an essentially constant angular velocity (w), a recon-
struction unit (9) for computing an 1mage data set (13) of the
object (4) from the projection data sets (P,), and a filter unit
(10) that, 1n an active state, applies a filter () on the image
data set (13) to compute a correction, which {filter acts as a
derivative on the perturbed image, essentially 1n a direction
corresponding to the direction of the angular velocity, 1s
essentially proportional to the time constant (t) and 1s essen-
tially proportional to the angular velocity (w), said filter unit

(10) being arranged to subtract the correction from the image
data set (13).

6 Claims, 4 Drawing Sheets
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SYSTEM AND METHOD FOR THE
CORRECTION OF TEMPORAL ARTIFACTS
IN TOMOGRAPHIC IMAGES

The present invention relates to a system and a method for
correcting for temporal artifacts occurring in Computed
Tomography (CT) or similar imaging techniques.

In a medical X-ray examination of an object, an X-ray
source emits X-radiation that 1s collimated by a collimation
unit. The X-radiation traverses the object that 1s being exam-
ined and the transmitted X-radiation 1s detected on an X-ray
sensitive detector. Acquisition of transmission data by use of
the X-ray sensitive detector results 1n an X-ray projection
image. If such a medical X-ray examination includes a series
ol consecutive acquisitions, the later acquired X-ray images
may be degraded by a temporal behavior of the X-ray detec-
tor, where temporal behavior means that the (multi-step pro-
cess of the) conversion of the received X-ray signal into
clectrical charges does not happen instantaneously but is
spread over time as 1s described 1n the following.

A typical X-ray detector element comprises a converter
layer (also called scintillator) that converts X -ray quanta into
optical light quanta and a photodiode for converting the opti-
cal quanta into electrical charges. When 1rradiated by a short
X-ray pulse, such a detector element shows a signal response
that can be modeled by one or a sum of exponential decay
curves each characterized by a decay time constant. E.g. 11 1n
a consecutive acquisition the projection of the examined
object 1s larger than 1n the previous acquisition, then a previ-
ously fully irradiated area 1s exposed to only a reduced X-ray
intensity due to the attenuation by the object. A residual signal
1s detected 1n the previously non-shaded detector area that
originates from the delayed time response of the detector
clements 1n this area. This residual signal degrades contrast
resolution and shifts the mean signal level to a higher value
than it actually would be without degradation. Similarly, for
all signal 1ntensities varying between a previous and a con-
secutive acquisition such a signal blur occurs, but the larger
the difference the larger the effect. If the consecutive acqui-
sitions are used for a tomographic reconstruction of a cross-
sectional 1mage of the examined object, the temporal
response ol the detector leads to temporal artifacts in the
reconstructed 1mage. Tomographic images are generated in
Computed Tomography (CT) scanners or in other devices
where the X-ray source and/or the detector are arranged to
rotate around the object so as to acquire projection 1mages
from different directions so that a cross-sectional image or a
volume 1mage of the object can be reconstructed.

From U.S. Pat. No. 5,249,129 1t 1s known to correct for the
temporal response of a CT detector by applying a recursive
filter on the projection 1mages and to use the filtered projec-
tion 1mages to reconstruct a cross-sectional 1mage of the
object.

It 1s an object of the present invention to provide a system
and a method for an alternative concept of temporal artifact
correction.

The object 1s achieved by an 1imaging system for imaging,
an object, said imaging system comprising a detection unit for
consecutively acquiring projection data sets of the object,
said detection unit having a temporal response function that1s
characterized by at least a time constant, a rotation unit that,
while the projection data sets are being acquired, moves the
detection unit around the object with an essentially constant
angular velocity, a reconstruction unit for computing an
image data set of the object from the projection data sets, and
a filter unit that, 1n an active state, applies a filter on the image
data set to compute a correction, wherein the filter acts essen-

5

10

15

20

25

30

35

40

45

50

55

60

65

2

tially as a derivative on the perturbed 1mage, 1n a direction
corresponding to the direction of the angular velocity, 1s
essentially proportional to the time constant and 1s essentially
proportional to the angular velocity, said filter unit being
arranged to subtract the correction from the image data set.

The described system applies a filter on the reconstructed
image. This allows the filter unit to be remote from the detec-
tion unit itself. Images can be corrected while new 1images are
already being acquired by the detection unit. By applying the
correction on the reconstructed 1mage also the number of
correction operations 1s reduced. The correction itsell also
becomes independent of the sinogram data (the projection
images). It 1s furthermore also possible to apply a correction
without knowledge of the filter parameters. The correction
could be iterated until the corrected 1image gives the best
visual results as judged by a human inspector or until a given
sharpness 1s reached.

The object 1s also achieved by a method of correcting for
temporal artifacts 1n an 1mage data set of an object, compris-
ing the steps of consecutively acquiring projection data sets
(P,) at different angular positions around the object, where the
change 1n the angular position occurs with essentially a con-
stant angular velocity, said projection data sets being deterio-
rated by a temporal response function which 1s characterized
by at least one time constant, determination of the image data
set from the projection data sets by means of a reconstruction
operation, applying a filter on the 1mage data set to compute
a correction, wherein the filter acts essentially as a dervative
on the perturbed 1mage, 1n a direction corresponding to the
direction of the angular velocity, 1s essentially proportional to
the time constant and 1s essentially proportional to the angular
velocity, said filter unit being arranged to subtract the correc-
tion from the 1image data set.

The 1nvention further relates to a computer program prod-
uct, which contains the software that can be downloaded into
a processing device being part of the inventive imaging sys-
tem and which then performs the steps according to the
method described above.

These and other aspects of the invention will be apparent
from and elucidated with reference to the embodiments
described hereinafter and with reference to the Figures.

In the Figures:

FIG. 1 1s a schematic depiction of a temporal response
function,

FIG. 2 1s a schematic depiction of the effect of a temporal
response function on an intensity signal,

FIG. 3 1s a schematic depiction of a temporal response
function that1s composed of two temporal response functions
having different time constants,

FIG. 4 1s a depiction of an exemplary imaging device used
to acquire projection data sets of an object shown at a first
time 1nstant and the resulting projection data set,

FIG. 51s a depiction of the imaging device and the resulting,
projection data set at a second time 1nstant,

FIG. 6 1s a schematic depiction of the imaging device
together with the reconstruction unit, the filter umit and a
display unit,

FIG. 7 1s a schematic depiction of the reconstructed 1image
data set with an indication of the filter operation,

FIG. 8a shows simulation results showing the effect of a
temporal behavior on an 1mage detail, and

FIG. 85 shows simulation results showing the same 1image
detail as in FI1G. 8a but after the inventive correction scheme
has been applied.

FIG. 1 shows an exemplary temporal response function
R(t)=c.exp(-t/t) that 1s characterized by a time constant <.
Such a temporal response function describes the behavior of
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a system after excitation by an impulse function (Dirac delta
function). If the system 1s a detection unit for detecting radia-
tion and generating an electronic signal indicative of the
intensity of the radiation, the temporal response function
leads to a temporally deteriorated electronic signal. The con-
version from radiation ito an electronic signal 1s delayed.
Assuming a radiation signal s(u,t), where u 1s a position
parameter and t is the time, then the electronic signal s gen-
crated by the detection unit 1s given by

S(u, 1) :)(fr::ﬁr’s(u, IYR(t-1), (1)

0

where  1s a proportionality constant. If the detection unit 1s
an X-ray detector that converts impinging X-rays into an
clectronic signal indicative of the intensity of the X-rays by
first converting the X-rays into optical quanta 1n a scintillator
layer and then the optical quanta into electrical charges by
photodiodes, as 1s known in the art, the temporal response
function can be caused by the scintillator layer and/or by the
photodiodes. The temporal response function of the scintil-
lator layer 1s usually referred to as scintillator afterglow and
the temporal response function of the photodiode 1s usually
referred to as photodiode lag. These effects are e.g. described
in J. H. Stewerdsen and D. A. Jaflray, “A ghost story: Spatio
temporal response characteristics of an indirect-detection
flat-panel 1mager”, Med. Phys 26 (1999) 1624-1641.

FI1G. 2 depicts the effect of a temporal response function on
an input signal s(u=u,,t) ({ull line) that represents e.g. the
X-ray mtensity. The resulting temporally deteriorated output
signal s(u=u,,.t) (dashed line), representing e.g. the electronic
signal generated by the detection umit, 1s normalized to the
input signal (y=1) for the sake of clarity. In FI1G. 2, I indicates
the intensity in arbitrary units. The mput signal s(u,t) 1s
assumed to have a certain start imntensity level that suddenly
increases to a higher intensity value at t=t, and also suddenly
drops to a lower 1ntensity at t=t, and again suddenly rises to
the start intensity at t=t,. Prior to t, the temporal response 1s
assumed to be 1n an equilibrium state as the signal intensity 1s
assumed to have been unchanged for a time period AT long
with respect to the characterizing time constant T (e.g.
AT=100 ms>>1t=1 ms). As a result, the delay in the response
to a current input signal 1s balanced by residual signals from
carlier input signals, which means that the output signal fol-
lows the mput signal as can be seen from FIG. 2. Att, the input
signal intensity suddenly rises to a higher intensity value. Due
to the delay introduced by the temporal response function
R(t), the output signal follows the mput signal according to
equation 1. This 1s schematically indicated 1n FIG. 2 by the
dashed line. At t, the mnput signal intensity suddenly drops to
an 1ntensity value below the start intensity. The output signal
again shows a temporal delay according to equation 1. At t,
the input signal intensity again suddenly rises to 1ts original
start intensity level. At time t, the output signal (dashed line)
has not yet reached the input signal level during time interval
It,,t;]. The output signal then again rises until 1t reaches the
intensity level of the mput signal. It 1s clear from this sche-
matic depiction that the temporal response function smoothes
the mnput signal in the time direction. If input signal changes
occur with a high temporal frequency or with a high ampli-
tude as shown in FIG. 2, the fast changes and the large
changes are smoothed by the temporal response function.

FIG. 3 shows an exemplary temporal response function
that 1s characterized by two characterizing time constants T,
and T,. The first time constant T, represents a fast decaying
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part of the temporal behavior and the second time constant T,
represents a slow decaying part of the temporal behavior. In
practice i1t has been shown that the temporal behavior of a
typical X-ray detector element can be described by three or
four characterizing time constants. For certain purposes, or
when a certain residual artifact level 1s allowed after correc-
tion, the temporal behavior may nevertheless be described by
one or two constants or one may want to use even more time
constants.

A correction for the deterioration caused by temporal
response functions on the output signal 1s known in the art,

—

¢.g. as described 1n Jiang Hsieh, IEEE Transactions on Medi-
cal Imaging, Vol. 19, No. 9, September 2000, p. 930-940,
where recursive time ﬁlters are applied directly on the output
signal.

FIG. 4 shows an exemplary imaging device 1 (in the
described embodiment this 1s a CT scanner) that has a sta-
tionary part and a rotating part. On the rotating part an X-ray
source 2 and a detection unit 3 (in the described embodiment
this detection unit 1s an X-ray detector) are fixedly mounted.
X-ray source 2 and detection unit 3 rotate around an object 4
that 1s disposed on a patient support 5. The X-ray source 2
emits X-rays that are formed 1nto a fan beam 7 by a beam
former or collimator device (not shown). The object 4 1s
positioned iside the fan beam 7 and 1s 1rradiated by X-rays.
The transmitted X-rays are measured by the detection unit 3
and are converted into electronic signals indicative of the
X-ray intensity impinging on the detection unit. While rotat-
ing 1nto direction A, the detection unit 3 1s consecutively read
out. In each read-out cycle, a projection data set derived from
the electronic signals 1s read out from the detection unit 3. If
the detection unit 1s a single-line detector havmg a number of
D detector elements, a projection data set 1s a series of D
projection values. In the shown embodiment, the projection
direction of a projection data set 1s the direction defined by a
line originating 1n the focal spot of the X-ray source 2 and
going through the center of rotation 6 of the imaging device 1.
In FIG. 4 the projection direction p, 1s shown for the projec-
tion data set P, that 1s sketched on the right-hand side of FIG.
4. The projection data set P, measured at time t, 1s shown as
measured intensity values over the position u on the detection
unit 3. The center position on the detection unit 3 has the value
u=0 and the border values are at positions u=—U/2 and u=U/2,
respectively. The total length of the detection unit 3 then 1s U.

In FIG. 5 the same 1imaging device 1 as in FIG. 4 1s shown
but at a later time instant t.. The fixedly mounted X-ray source
2 and the detection unit 3 are rotated to a different position
around the object 4. Such a rotation position can be uniquely
defined by a rotation angle of the X-ray source with respect to
an 1maging-device {ixed coordinate system that 1s centered 1n
the center of rotation 6. The projection data set P, 1s measured
at time t.. The resulting measured intensity values are again
depicted on the right-hand side of FIG. 5. It can be seen that
for a given detector element at a position u=u,, the intensity of
the impinging X-rays varies over time as the relative position
of X-ray tube 2 and detection unit 3 with respect to object 4
varies due to the rotation. If the detection unit has a temporal
response function, 1t follows that the measured intensity sig-
nals are temporally deteriorated similarly to the degradation
shown 1n FIG. 2.

As 1s known 1n the art, cross-sectional 1image data sets of
the 1rradiated object 4 indicating spatially resolved X-ray
attenuation properties of the object can be reconstructed from
projection data sets covering at least a rotation angle of 180
degrees plus fan angle. For a C'T scanner as shown in FIGS. 4
and 5, the angle of the X-ray fan beam 7 1s about 60 degrees.
Due to the temporal deterioration of the projection data sets,
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the resulting reconstructed cross-sectional image data sets are
also deteriorated due to the temporal response function of the
detection unit. As the temporal response function smoothes
high frequencies 1n the output signal over time, contrast dii-
terences 1n the reconstructed image data set are smeared 1n the
image data set in the rotation direction. An exemplary tem-
porally degraded image detail 1s shown in FIG. 8a. FI1G. 8a 1s
the result of a simulation taking into account a temporal
behavior. The 1mage detail shows a cross-like aluminum
structure surrounded by homogeneous matter (water). The
rotation direction at this 1mage detail was along the vertical
bar from bottom to top. It can be seen that the horizontal bar
of the cross structure 1s severely blurred due to the temporal
response behavior of the detector as well as the top and
bottom edge of the vertical bar. The image detail 1s 3 cm wide.
The 1image detail was generated from simulations, where a
single decay constant of 1 ms was assumed. It should only
schematically indicate the effect of a temporal response func-
tion.

In the following the impact of the temporal filtering on the
reconstructed 1mages 1s estimated. For this estimation the
projection data sets need to be processed as follows: prior to
reconstruction the signal values representing each projection
data set are normalized to a signal value acquired in the
absence of the object to be imaged. This 1s a standard proce-
dure known 1n the art. The corresponding projection data set
used for normalization 1s denoted by s,(u,t) and 1s referred to
as the reference projection data set. The temporal response
function of the detection unit 1s assumed to have no effect on
Sq as 1t 1s assumed that the detection unit 1s 1 an equilibrium
state when s, 1s measured. This can be achieved by prior
irradiation of the detection umit before the reference projec-
tion data set 1s read out. Hence, ds,(u,t)/ct=0 holds and
so(u,t)=s,(u,t) is valid. The normalization is performed on

d]_
1 + TEIS(M, 1) =s(u, I).

(2)

Equation 1 1s a solution to equation 2 under the boundary
condition that s(u,0)=0.

After normalization, the logarithm 1s taken for both sides of
the normalized equation 2 and hereafter the reconstruction
operation Ris applied. By denoting b=3R In(s/s,) as the non-
deteriorated reconstructed image and b=R In(s/s,) as the tem-
porally deteriorated image data set, the difference between
temporally deteriorated image and non-deteriorated 1image 1s
found to be Ab=b-b=%R1n(1+y), where y=13s/s3t. The deriva-
tive with respect to time can be rewritten as an angular deriva-
tive by introducing the angular speed w:=20/3t. Then
J/t=wa/30 and y=twas/ss20. An estimate for Ab can directly
be found 1 we assume that the logarithm can be linearized, 1.¢.
In(1+y)=v. Then the difference between non-deteriorated and
deteriorated image data sets results in Ab=twR3(In(s/s,)/30
by utilizing the fact that the reconstruction operation 1s linear
and that 3s/sa0=3(In(s/s,)/30 holds. Since T was extracted
betfore the reconstruction operation, 1t 1s implicitly assumed
that T 1s a general representative of the temporal response
function of the detector elements of detection unit and thus
invariable for all detector elements (small deviation can actu-
ally be neglected up to a certain strength). Likewise, 1t was
implicitly assumed that the angular velocity o 1s constant
with respect to time during the rotation (again, small varia-
tions can be neglected). By finally assuming that the recon-
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struction operation and the dernivation operation can be
exchanged due to their linearity, the non-deteriorated 1image
data set b 1s computed to read

Ab=tw-3b/30=(1+/)b=bh-c, (3)

where 1 1s the temporal correction filter that 1s applied on
the temporally deteriorated image 1n order to determine the
correction ¢ that 1s then subtracted from the deteriorated
image b. In other words, the corrected image data set b is
computed by subtracting the correction ¢, which 1s c=-1b,
from the deteriorated image data set b. The filter f acts essen-
tially as a derivative on the perturbed 1image, in a direction
corresponding to the direction of the angular velocity, is
essentially proportional to the time constant T and 15 essen-
tially proportional to the angular velocity w, where “essen-
tially” means that slight variations may occur in the angular
velocity during the rotation and/or 1n the homogeneity of the
time constants over the detector, but these varnations can be
neglected as long as the filter operates according to their mean
values.

Similarly to what has been derived above, a filter operation
can be computed for the case that the temporal response
function 1s characterized by more than one time constant. In
general 1t 1s assumed that for N characterizing time constants

f

N )
Z = exp(—t/71,) forr>0

H

R(1) =<

n=1

0 else

describes the temporal response after excitation by an

impulse function. The weighting coelflicients are normalized
so that

N
@, = 1 holds.

n=1

Then, repeating the above described process, 1t follows that

i 9\ (5)
Zﬂ:’n-[l + 7, W- %]b(rj d) =

n=1

N
b(r, 0) + [Z Gy =Ty " (0 %]b(r, &) = b(r, 0)
n=1

1s the filter operation to be applied on the uncorrected
image to compute the corrected image. This can be stmplified
again to yield

b=(1+1)6=b-c. (6)

For an imaging device as depicted in FIG. 4 and FIG. 5 with
a single-line detector with D individual detector elements, a
projection data set P, 1s a one-dimensional vector of D mea-
sured values P=(V, ,, V,,, . .., V5,). A plurality of such
projection data sets acquired at different angles covering at
least 180 degrees plus fan angle are then used for reconstruc-
tion, as 1s known 1n the art, e.g. by a filtered back-projection
algorithm. From the projection data sets an image data set 1 1s
thus reconstructed. In the given embodiment, I 1s a matrix of
NxN 1mage data values representing the attenuation proper-
ties of the wrradiated object 4 at the respective points 1n real
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space. Naturally, the 1mage data set 1s not limited to an NxN
matrix but could also be an NxM matrix or a non-Cartesian
matrix (€.g. consisting of hexagonally distributed 1image val-
ues). When displayed, an image data value 1s also called a
pixel. A pixel has a two-dimensional extension. In a Cartesian
matrix, a pixel has an extension in the x-direction and an
extension 1n the y-direction. Depending on the reconstruction
procedure, the image data value may represent the attenuation
property of the object at the center position of a given pixel or
an average attenuation value averaged over the extension of
the pixel.

FI1G. 6 schematically shows animaging system for imaging
an object that comprises the imaging device 1, a reconstruc-
tion unit 9 that reconstructs cross sectional images of the
object from the projection images acquired at angularly
spaced positions of the source-detector arrangement around
the object, a correction unit 10, to which the described filter-
ing 1s applied on the reconstructed slice image, and a display
11 on which the corrected slice image 12 of the object 1s
shown. The correction unit 10 might be part of a processing
unit of the imaging device 1 but 1t could also be a separate
device that 1s coupled to the reconstruction unit 9 by means of
a coupling 8, which coupling 8 could be a wired coupling or
a wireless coupling. Here, wireless coupling shall include

techniques like infrared connections or bluetooth connections
as well as a connection via a data carrier. The latter means that
a data carrier 1s written that carries the uncorrected slice
image and that this data carrier 1s used to transport the imnfor-
mation to the correction unit 10. The necessary information
on rotational speed, characteristic temporal constants and the
like may be known by the correction unit 10 or may be part of
the information transferred to the correction unit by means of
the wired or wireless coupling 8.

InFIG. 7, ani1mage data set 13 1s displayed. As indicated in
the top-right part of FIG. 7, the image data set consists of a
Cartesian pixel matrix of image data values, where each pixel
has an extension in the x-direction that 1s given by Ax and an
extension in the y-direction that 1s given by Ay. In the 1mage
data set a cross-sectional image representation of the X-ray
attenuation values of the 1maged object slice 14 1s displayed.
The temporal correction filter 1 1s for instance applied on a

pixel value at coordinates X, y, at a distance [r|=V (X,*+y,*) to

the point that corresponds to the center of rotation of the CT
system. The relative angle of the vector r with respect to the
x-ax1s of the Cartesian coordinate system 1s denoted by 0.
Here, the x and v axis of the image coordinate system are
chosen so that they coincide with the coordinate system 1n
real space, so that the center of rotation coincides with the
origin of the 1mage coordinate system.

In order to apply the general temporal filter 1 that has been
derived above on a Cartesian 1image value matrix, the filter
operation according to equation 3 1s discretized and the over-
all correction formula reads

(7)

bin, m) = b(n, m) +

bn,m)—bn,m—-1)
. iy _

bn,m)—bm—1,m)
Ax |

Twn - m- Ay

where n and 1n 1indicate the image data value 1n a (2N+1)x
(2M+1) 1mage data set at position n and m, where -N=n=N

and —-M=m=M, and b(0,0) 1s the center pixel. Here, Irl=

\/(nAX)2+(mAy)2. If an even pixel matrix were used, a similar
equation could be derived and 1t would also be possible to
derive a formula for a pixel matrix other than a Cartesian pixel
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matrix. It depends on the implementation whether the correc-
tion 1s computed for each pixel value and 1s then subtracted
from the deteriorated image pixel value or the correction 1s
computed for all pixels to generate a correction 1mage and 1s
then subtracted from the deteriorated 1mage.

FIG. 856 shows the same detail as in FIG. 8a but after the
filter T for correction of the temporal response function
according to equation 7 has been applied. The contour of the
aluminum cross 1s essentially restored.

This shows that a temporal correction filter has been
derived that can be applied on the image instead of on the
projection data sets. One of the advantages of being able to
apply a filter on the 1mage 1s that 1t 1s no longer necessary to
store previous signal values. Applying a filter on a projection
data set requires the storage of the intensity values of the
previous projection data set in order to apply the recursive
filter operation as known from U.S. Pat. No. 5,249,123. Fur-
thermore, the number of 1mage pixels 1s typically smaller
(e.g. 512x3512) than the number of projection data values that
need to be corrected (e.g. 1000 detector elementsx2000
acquisitions per rotation). For the given values, this means a
reduction of the correction operations by a factor of eight.
Since the filter 1s applied to a reconstructed 1image, 1t can be
used independently of the availability of sinogram data, or, in
other words, this makes the correction scanner independent!

The concept as described 1s also valid for images generated
with a spiral scanning technique as long as the interpolations
used can be exchanged with the integral of equation 1. This 1s
¢.g. the case for linear or bilinear interpolation.

The characteristic time constant (or the set of characteristic
time constants) can be determined in various ways. A first
way would be the i1llumination of the detector with short
pulses and the measurement of the temporal response of the
detector with a high temporal resolution. A standard {it pro-
cedure could then be used to determine the characteristic time
constant. In a second way, one or more known reference
objects are imaged. Then, e.g. by comparison with the ideal
signal response that can be computed e.g. by way of simula-
tion, the measured signals can be compared with the 1deal
signals and the characteristic time constant can be deter-
mined.

The invention claimed 1s:

1. Imaging system for imaging an object that comprises

a detection unit for consecutively acquiring projection data
sets of the object, said detection unit having a temporal
response function that 1s characterized by at least a time
constant,

a rotation unit that, while the projection data sets are being,
acquired, moves the detection unit around the object
with an essentially constant angular velocity,

a reconstruction unit for computing an image data set of the
object from the projection data sets, and

a filter unit that, 1n an active state, applies a filter on the
image data set to compute a correction, wherein the filter

acts essentially as a dertvative on the perturbed image, 1 a
direction corresponding to the direction of the angular
velocity,

1s essentially proportional to the time constant and

1s essentially proportional to the angular velocity, said filter
unit being arranged to subtract the correction from the
image data set.

2. Imaging system according to claim 1, wherein the detec-
tion unit 1s an X-ray detector having at least one conversion
layer that causes the temporal response function.

3. Imaging system according to claim 1, wherein the tem-
poral response function 1s characterized by two or more time
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constants and that the filter 1s a weighted sum over filter terms
that each represent the filter for the respective time constants.

4. Imaging system according to claim 1, wherein the filter
unit 1s remote from the other components of the 1maging
device and that it recerves the image data set by a wireless 5
connection.

5. Method of correcting for temporal artifacts 1n an 1image
data set of an object comprising the steps of

consecutively acquiring projection data sets at different

angular positions around the object, where the change1n 10
angular position occurs with essentially a constant angu-
lar velocity, said projection data sets being deteriorated
by a temporal response function which 1s characterized
by at least one time constant,
determination of the image data set from the projection 15
data sets by means of a reconstruction operation,

applying a

10

filter on the 1mage data set to compute a correc-

tion, wherein the filter

acts essentially as a dertvative on the perturbed image, 1n a
direction corresponding to the direction of the angular
velocity,

1S essentia.

ly proportional to the time constant and

1S essential

ly proportional to the angular velocity, subtract-

ing the correction from the 1image data set.

6. A computer storage medium comprises a soltware pro-
gram for correcting temporal artifacts 1n an 1mage data set,
said software program perform the method according to
claim 5 on an 1mage data set when loaded 1nto a processing

device.
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